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USC of ‘1’ime Series SAR Data
TO Resolve Ice Ty])e Ambiguities
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A b s t r a c t celllers of the five il!lages ~verc located at approxirtlate]y  i’3,3° N
al)(i l!53. i’O\V.

‘I’l IC tmcliscatter  sigliatuw of sea ice in ]Iewly-openecl  leads fre-
qurmtly overlaps ivitl] that of older  ancl thicker ice ty}~es.  q’his
I,}jellorlwnol}  linlits  tllc accuracy of hackscattm tmsccl ice type
classification in single date S. Al{ inlages.  Ilcre,  we use ice mo-
t ion data dm ived fronl successive S:\}{ observations to identify
areas  of recent  opciiings  in tl[c irintcr sea ice cover. With the
assurllptioll  that the hackscatter of ii IICW  lead adds to a non~i-
rlally invariant backscatter histogram. we can calculate the area
of new ice which IIas been created arid record the tewq)oral  evo-
l~lt ion of bacliscatter of the new ice. I’his temporal signature is
lrlatcd to atrnosl)hmic  conditions during the rapid growth phase
of the  new ice. W’c illustrate the use of time series information
witt]  1;1{S-1  SAR data  frorll the Alaska SAR k’acility.

[c( :llotion  rfatrr. IrI order to recorcl the temporal ei’otution  of
tllc baclwcatter  signature, we need the  capability to follow or
track  an open lead for a period of tinm. In the example  s}]owrr
time. an ice motion  tracker similar tc, tile one irrlplelncvrted in
ttlc ASF Geophysical Processor Systelll  [l{rmk et al., 1990] was
ntilized  to follow all ice parcel over the  period of 12 days. We
define an ice parcel  as an ele[nent  of area enclosed  by straight
Iirle segrlmnts conrlccting  four points (see Fig. 1 ) wl,ich nloves
aricl cleforms with the sea ice cover. Figure 1 does not show the
]rman ice motion of the gricl points, orIly the deformation of the
irc parcel,

3. Data Analysis - An Example

1. lntrodnction

Tlic baclwcattc[  sigl~atule  of ice in rece[ltly  formed leads is de-
I)c!!dcnt 011 en~,irollri~cllta] conditions and evolves quickly under
cold Arctic conditions. ‘1’ypicaliy,  the  tsackscatter  charlges  as-
sociatcci Ivit}l these  youl)g ice types are on length scale of days
[Ous/ot/,  1992]. ‘I}]is sigr]ature  variability is a source of error
ill [he corwct  classification of this  ice type in single date, single
f] mlucllcy itl)d single l,olarization  SAR data. l’he  backscatter
of this thi]l ice type freclucntly  ovellaps  with that of the prirl-
cil)al or dctri~inant  (in terms of area) multiyear  arid first-year
icc tlpcs. .Although  the fractiotlal  area of thin ice (0-50cn]) is
slllall ili tile  ivilltcr  .Arctic, the tot~il heat flux (from the rcla-
tiwly ~varlll ocean to the cold atmosphere) frotl~ this thin ice
fract ior] call be con~I,arahle  to that of the principal ice types.
(’llarllbiguons  identification of the area]  fraction of young thin
ice t~lws is inlportallt for a variety of scientific and operatiorlal
al)l)lications.

Il,,le,  we illustrate Ivitb arl cxanlple  our apl)roach  to identify
rccrllt]y  for Ilwd leads  as ~vcll as ot.)ti~in a recorcl of t}le temporal
ev~)lntiorl  ‘of bacliscattel  signature of sea ice ill these leads.

2 .  l)ata I)escription

,S.i }{ [/otri. \\’e usc a t il)lc  seqnPIIcc  of five calibrated FRS- 1 SAR
illlagf+ Irllicll !Kcle l~loc<,><cd  at tile .-\laska S.AI{ I;acility  (, ASJ; ).
‘1 I,c SC(lUCI,C(,  sl,al,i a Iwriod of 12 days (froln day 77 to day 89)
\vil Ii iill  ir)l(,[!al  of llItfY, day~ Ijetlvccli  col IscctItivc  ir]lages.  ‘1’}Ic

op[nirtgs  in lhe ic~ cover. Opeliings  in the ice cover can be semi
:is positive changes in the area of the ice parcel. ‘1’he increase
irt alea. between  I)ay  077 and I)ay 0S6, due  to the opening of a
Icad, is evident.  ‘1’he area charlges of the ice parcel as a fuliction
of time are plotted in Figure lb.  ‘1’his ice parcel had an initial
area of 2.500 units. Over the first time interval (Day 077 to
1 Jay 0S0), the area increased to 3034, givirlg a youtlg ice class
(opening) an area of 534 units. The  cell area increased to 3205
find 3317 during the second (I)ay  060 arid 0S3) and third (I)ay
0S:3 and 086) tinw  irltervals,  creating 171 utlits  and 112 units,

lc>pcctively.  .k closing event  ( betwwm I)ay 086 and 089) caused
a decrease in  area fronl :3:317 to 3235, or 82 utlits.  F,rrors in
esr inlating  the  actual areas are deter lllined by advection  of ice
ac]oss  the bounc{arics  dcfirl irig the ice parcel (i.e. the  boundaries
iit{, riot straight line scginellts)  and errors in the ice t racker.

l’h~ brzckscattc~ histograrils. here. \vc address the interpreta-
t ion c>f the radionlctric  changes witbirl the ice parcel due to the
ii) ca ct)ar],ges. \Ve compute three sets of histogranls.  I’lle first
~ct of IIistoglarrls  reflects tile backscatter of the pixel pol)ula-

tio[l  !vitllitl the ice l)arcel during each of the five days (l~ig. 2).
I IIC s~co[id set ( f’ig, 3) sllcr~vs tlic relati~,e c]ianges irl bac!iscat  -
Ic[ Ijopulation  bet!vcerl time  intervals, Fig. 4 shows the last
.(,1 !Vllic]l disr)lays tllc> cllarlges irl the Lacli scat ter  populat ion
Iclati!.c  to tile  first. day. if !ve assume that the source of all
l,{(c!i~cattcl cllat}ges is c l u e  t o  tile young ice, ttle[l v.v call track
tl)c rvolution  of tile  backscattrr  of tlie t!cw leads usir~g the dif-
fI]cticc  Ilistograrl]s.  IIow good is this assllrliptio[l”? (-rider .-\rctic
frlllt(,r [r)ll(litiolls,  i t  Ilas Ijccll SI)O!VII  [Ii”u,ok orld C’fJ)tr~/71g}/rrrtl.



]:)~).1]  tl,at the },ac~scattct  sig[)at~lle (at (’-\’\’) of tile p r i n c i p a l

it{.  lj’pes  (n]  I]ltiycar  and f i rs t -year)  renlain  rmlarliably stable
O!vr the winter. ‘1’llis Collclusiorl ivas based  on their study II S-
illg FI1{S-I  SAR illlage  data fron] tivo different winters, So, it is
Ieaw)nat)lc to assutnc  ttlat for a short tilne  sl)an.  if envirollien  -
tal conditions stay relatively stable, the only contribution to
cllangks in backscattm wittlin  arl ice parcel  is from young ice. In
this case, lve elilllillatml  the possibility that tile  high hackscatter
is }virtcl-ro~tgllejlecl ol)en ~vater because of structure in the leads
as NYll as the  air tempct  ature of ttic  atl~lospbcrc.  At a tcn]pera-

.) OO(’, jt takes  Orlly ],o~]rs  for ice to grow,tlllc of’ al)l)rmilna(ely  --
Ill tl,c  exallll,le  ill Fig. 1, we can observe that there is a grad-
ual dcr-rcase itl t}le brightness of the lead as the ice ill it grows
a[]{l tllickells.  ‘1’llc backscatter histogralns  quantify the tcrrlpo -
I al t,voluticnl of tile hacks cattcl. For example, tile  histograms in
l:ig. 3 slmw t }Jat there is an increase iri pixel poJJrrlation between
day S0 ail<i 77, and there is a large decrease in the brightness
0[ tllc lead lmtwmn  day M and S3. I’he histograms in Fig. 4
ill(nr lllat evc)lutiml of tile radar backscatter of the population
of !O~IIIg ice ~vhicll )vas introduced into ttle ice parcel c)rl day 77.
“1 II(  backscattcr cllal!ge as a function of tirtle is plotted in Fig.
r). ‘1’lic air tmnlw[atule is sliown oll tile sallle  plot

4. Discussion

‘1’IIC I,articular cxaml)ic  whic}l we have chosen shows a lead with
initially high backscattel ivhich decays with time. In our ex-
I,erirmce, lve have observed in ERS- 1 SAR (C-W) imagery a
Iarg,r number of o[~tm leads containir(g  sea ice ~vith high initial
I,irckscattm  tvit}l similar bacfiscattcr  history We have also ob-
scl id cases  W]ICIC the bacliscatter of sea ice in leads remained
l~,latively low for an extended  [)eriod of time (days) and slowly
altaillillg the hi,g]ler backscatter of thicker first-year ice. We carl-
]lclt say, witl)out  a ll~ore extensive and systematic study, which
f)at }1 of bacliscattcr etolution is n)ore typical. It is dependent on
local rlwtcolological  conditions; however, the n~e~~rrrernents for
s~ll)[)orting such investigations are usually not available. l’he
}Iigh backscatter from thin young ice have been attributed to
SIII  face roughness arid volume scattering associated with the for-
t~la[ion of frost flowers [Hallikain~rr and lVinclwenner,  1992; On-
../o It, 1!)92].  ‘1’he cfecrcasc in backs catter is due to snow collection
OII I tie  ice surface. A brief  description of the physical charac-
tel istics of the frost flowws can be found in hlartin [1979] and
Ilmre recently in Richter- Menge and Perovitch  [1992]. lvlartin  et
al. [l\)\ )3] Ilave successfully grown salt flowers under laboratory
collditiolls  and is currently planning to measure its backscattcr

characteristics with a scatterometer.

‘1’lle Ilext qucstiorl  is whether we can make optimal use of the
gconmtric  and raciionletric  information derived fronl time series
S..\ R data, Kwok et al. [1992] proposed a scheme to measure ice
age using area charlgcs but have not used the temporal radio-
ll~t’tric iliforlnation  available from receritly  formed leads. If we
call resolve the location arid age of lead openings to within the
titlw  irltcrvitl betwecm S.4R observation.s, then it seems that the
OIIIY use of backscattcr il)forruation  would  be to improw  the es-
(illlatioll  of ice tlliclilless  and to deterrlline  whether frost flowers
ale I)rcsellt  011 t}le  ice surface. lo date, we do Ilot have srrfh-
( icllt  ili-sit~l  or laboratory observatioI]s  of thirl ice backscatter
( JYitll  or wit I lout frost floivers) for supl)orting  the use of tirnc
stri(s I,acliscattm  d a t a  flom  ol,ell leads.  It }voul[i  a l s o  mm
[Ilat ttlt tir]te serir. backscatter dati~  have to be conlbined  with

(n\  llof~ftlfll(dl  c<,l]cl]ti,,[l+  I, f.folc \ve (aft rIIoclcl  ba(kscattcr  de.

lJcIId[II<(  on ICC ~IOIVt]I  and ice thlcklless,  a[lcl efrectivcly  u t i l i z e
tlj(,w CIatascts, ‘1 flus, lt 1(.ll]ailli a Iol>ic fol fur-ttler invest igatiorl.

5. Sun~tnar.y R e m a r k s

\\”c, IIavc descl ibcd  al! a])])loacl]  for tile location of rcccntly  opened
ltdds  usirlg tillle  sclies  1;1{S-1  S.AR il!lagcry  p r o c e s s e d  a t  t h e
.\lfiska S:\]{ I:acilit).  .-\llexal[lI)le  }vas(lsecl tc)ill Llstratettlcl)ro-
(((lure, ‘1’llc area cllarlges and radio] ~lctric evo]utjorj of tile ice
JIal”ccl Jvcre i[ltcrl>rcted, tie Ilavr cle[Ilorlstratecl  a u s e f u l  pro-
{ ~,~lule to unambiguously ide~)tifj the r)opulatiorl  of young ice
l\l)cs using georlwtric  il,foLII]atiorl, l~o~vcver it rf.*r~air,s diffic~*lt
toeffcctivr]y uscradior[lct  riciriforlllatioll  to further estirrlatettle
Il)ickricis  Iallgeof sea ice ill these leacls twcauscof the variability
of their  backscatter irl t}li$ gro~vtll  s tage.
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l’igure  1. ( a ) il{S-  1 inlag,e scquc[!cc (Copyright 1(;SA  1994) showing t}le clefor[natioll  of an

icc I,arccl.  ‘1’he il)itial  clilllf-nsiol)  of  the  ice parcel  is 5k111 X 5knl  in size. I he lloagcs  a r c
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\ >~,l>atat(~d  bv an illtcrral of :3 daj~.  (b) Changes  in area of the ice parcel plottecl  as a fuuctlon
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l’ip,~lrc 3. I)iffere[ice  histogranls showing  changes in the backscatter population bet~r~n

tl)c tilnc  intervals.

I:igorc  4. Differmlce tListograllls s}lowi]lg  clia;)gcs ill the backscatter population relati~’c th~’
first inlazc,
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[’l~[lrf’ 1. (’tlaligc~ ill 1}1(, I,ac!i.cattcr o f  t]l<  yOUIIg  ice  I,lottwl  as  a fu[lctiorl o f  tiroe.


